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g : Abstract 

^ ■ Starting from an A/" = 1 supersymmetric electric gauge theory with the gauge group 

Sp{Nc) X S0{2N'^ with fundamentals for the first gauge group factor and a bifundamental, 
p . we apply Seiberg dual to the symplectic gauge group only and arrive at the J\f = 1 super- 
(U \ symmetric dual magnetic gauge theory with dual matters including the gauge singlets and 
^ ' superpotential. By analyzing the F-term equations of the dual magnetic superpotential, we 
describe the intersecting brane configuration of type IIA string theory corresponding to the 
^ ■ meta-stable nonsupersymmetric vacua of this gauge theory. 



1 Introduction 



The M = 1 SU{Nc) gauge theory with Nf fundamental flavors has a vanishing superpotential 
before we deform this theory by mass term for quarks. When we add an adjoint field to this 
theory, then there exists a nonzero superpotential for this adjoint field. On the other hand, 
when we add a symmetric tensor flavor(or antisymmetric tensor flavor) to A/" = 1 SU{Nc) 
SQCD with Nf fundamental flavors, in general, there exists a nonzero quartic superpotential 
consisting of these matter fields. In the type IIA brane configuration, this gauge theory can 
be described by three NS5-branes, D6-branes, D4-branes and an orientifold 6-plane. The 
coefficient functions appearing the above quartic superpotential depend on both how the two 
outer NS5-branes are rotated with respect to a middle NS5-brane and how the D6-branes are 
rotated with respect to a middle NS5-brane. Then by tuning these two rotation angles in 
appropriate way, one can make the above nonzero quartic superpotential to vanish. For the 
brane configuration description corresponding to A/" = 1 supersymmetric gauge theory, see 
the review paper [1]. 

Both deforming the electric gauge theory by adding the mass for the quarks and taking the 
Seiberg dual magnetic theory from the electric theory are necessary to find out meta-stable 
supersymmetry breaking vacua in the context of dynamical supersymmetry breaking [2l [3] . 
When we take the Seiberg dual from the electric theory, the vanishing superpotential in the 
electric theory makes it easier to deal with its nonvanishing dual magnetic superpotential 
since the reduced superpotential in the magnetic theory has simple form to analyze. 

On the other hand, the Af = 1 product gauge group SU{Nc) x SU{N'J with Nf funda- 
mentals, Nf fundamentals and two bifundamentals can be described by similar expression for 
the superpotential to the one in the single gauge group in previous paragraph. In general, 
one can also think of a multiple NS5-branes for the outer NS5-branes together with a single 
middle NS5-brane. Since there is no orientifold 6-plane in this case, compared with previous 
brane configuration, the rotations of outer NS5-branes and those of D6-branes with respect 
to a middle NS5-brane are completely arbitrary. Therefore, the coefficient functions in the 
superpotential depend on four rotation angles rather than two. Then by tuning these four ro- 
tation angles appropriately, one can make the nonzero superpotential to vanish in the electric 
theory. 

Let us add an orientifold 4-plane in this brane configuration for product gauge group 
with matter contents we mentioned in previous paragraph. One expects that the gauge 
group will be a product gauge group between a symplectic group with 04+-plane and an 
orthogonal group with 04~-plane. Under this orientifolding, the matter contents should be 
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changed appropriately: one kind of fundamental flavors for each gauge group factor and one 
bifundamental. This particular brane configuration with 04^-planes will play the important 
role in this paper: three NS5-branes, D6-branes, D4-branes and an orientifold 4-plane. 

A non-chiral model of dynamical supersymmetry breaking with stable nonsupersymmetric 
vacua was found in [5], [5] l]. By gauging the "maximal" subgroup of the flavor symmetry group 
of this model, the existence of runaway behavior on the scalar potential at the region of the 
number of flavors corresponding to ^ |5j was explained by using the brane configuration [B] in 
the magnetic theory where there are no D6-branes. Moreover, in [7j, the different gauging of 
subgroup of the flavor symmetry group leads to two facts: for the nonabelian gauged flavor 
group, the M5-brane configuration with massless quarks is nonholomorphic while for the U{1) 
gauged flavor group, supersymmetry breaking with stable nonsupersymmetric vacua with 
massless quarks involving t-configuration exists by analyzing the corresponding holomorphic 
M5-brane configuration. 

In this paper, starting from an A/" = 1 supersymmetric electric gauge theory, we obtain 
the A/" = 1 supersymmetric dual magnetic gauge theory(with dual matters and corresponding 
superpotential) which is the model of P| f5] with "gauged" flavor symmetry group. Based on 
this magnetic brane configuration, we describe the intersecting brane configuration of type 
IIA string theory corresponding to the meta-stable nonsupersymmetric vacua of this gauge 
theory by recombination of color D4-branes and flavor D4-branes and moving those D4-branes 
to (45) directions. 

In section 2, we review the type IIA brane configuration corresponding to the electric 
theory based on the J\f = 1 Sp{Nc) x S0{2N^) gauge theory with matter contents and deform 
this theory by adding the mass term for the quarks. Then we construct the Seiberg dual 
magnetic theory which is A/" = 1 Sp{Nc) x S0{2N^) gauge theory with corresponding dual 
matters as well as various gauge singlets, by brane motion and linking number counting. 

In section 3, we consider the nonsupersymmetric meta-stable minimum by looking at 
the magnetic brane configuration we obtained in section 2 and present the corresponding 
intersecting brane configuration of type IIA string theory, along the line of [TDl IH [T21 [131 
O [13 [IS] and we describe M-theory lift of this supersymmetry breaking type IIA brane 
configuration. 

In section 4, we make some comments on the future directions. 



lit is called by ITIY model or lYIT model. 

^In , the diagonal flavor group oiAf—1 SU {Nc) SQCD with massive flavors is gauged and the additional 
color singlets are inserted both in an electric theory and magnetic theory. It is an open problem how to realize 
this gauge theory from the type IIA brane configuration. On the other hand, in the flavor group is gauged 
but the Seiberg dual is taken on this gauged flavor group rather than color group. 
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2 The J\f = I supersymmetric electric and magnetic 
brane configuration 



In this section, we consider M = 1 Sp{Nc) gauge theory with gauged flavor symmetry group 
SO{2N'^) in electric theory first and then we move on its dual magnetic gauge theory A/" = 1 
Sp{Nc) gauge theory with the same gauged fiavor symmetry group S0{2N'J. We present the 
corresponding brane configurations in Figure 1 and Figure 2 respectively. 

2.1 Electric theory 

The gauge group of an electric theory [7] is given by Sp{Nc) x S0(2N'^) and the matter 
contents arelj 

• 2Nf quark fields Q is in the representation (2Nc, 1) under the gauge group 

• The fiavor-singlet field X is in the bifundamental representation (2Nc, 2N^) under the 
gauge group 

The anomaly free global symmetry is given by SU{2Nf) x U{l)fi and the strong cou- 
pling scales for Sp{Nc) and S0{2N'^ are denoted by Ai and A2 respectively. The theory is 
asymptotically free when ^{2Nc + 2) — 2A^/ — 2A''^ > for the Sp{Nc) gauge theory and when 
S{2N'^ — 2) — 2A^c > for the S0{2N'^ gauge theory by computing the coefficients of beta 
function. 

The type IIA brane configuration for this theory can be described by 2A''c color D4- 
branes (01236) suspended between a middle NS5-brane (012345) and the right NS5'-brane 
(012389) along direction together with 2Nf D6-branes(including mirrors) at values of 
that are between those corresponding to the positions of the middle NS5-brane and the right 
NS5'-brane. Moreover, an extra the left NS5'-brane is located at the left hand side of a middle 
NS5-brane along the direction and there exist 2A''^ color D4-branes suspended between 
them. Of course, there is an orientifold 4-plane (01236) which acts 

(— x^, — x^, — x'^, — z^, —x^). The RR charge of 04-plane fiips sign each time it passes through 
NS5-brane or NS5 '-brane [19]. These are shown in Figure 1. 

The classical superpotential by deforming this theory by adding the mass term for the 

•^By introducing the chiral multiplets Xi and X2 that are symmetric tensor in Sp{Nc) and antisymmetric 
tensor in SO{2N^) respectively, the Sp{Nc) x SO{2N'^ gauge theory in different context can be described by 
the tree-level superpotential that is given by = Wi{Xi) + W2{X2) + Qi2-^iQi2 + Q12X2QJ2 where Q12 is 
a bi-fundamental and Wi{Xi) is a polynomial for the field Xi. See also the same gauge theory with different 
matters in 17J where there exist more meson fields in the magnetic theory and see [181 for unitary gauge 
group in the quiver gauge theory. 
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quarks is given 



byQ 



W = mQQ 



(2.1) 



and this brane configuration can be summarized as follows □: 

• One middle NS5-brane(012345) 

• Two NS5'-branes(012389) 

• 2Nf D6-branes(0123789) 

• 2Nc color D4-branes(01236) 

• 2N^ color D4-branes(01236) 

• One O4-plane(01236) 

Now we draw this electric brane configuration in Figure 1 which was already found in [7] 
for the massless quarks and we put the coincident D6-branes in the nonzero v direction(and its 
mirrors). The electric quarks Q correspond to 4-4 strings connecting the Nc color D4-branes 
with Nf flavor D4-branes(and its mirrors) where one can see these flavor D4-branes more 
clearly if move Nf D6-branes to the left all the way past NS5- brane (and its mirrors) and after 
that there exist newly created Nf D4-branes connecting Nf D6-branes and NS5-brane in this 
process. The bifundamentals X correspond to 4-4 strings connecting the A''^ color D4-branes 
with A^^ color D4-branes(and its mirrors) B 

2.2 Magnetic theory 

Let us take the Seiberg dual for the flrst gauge group factor Sp{Nc) while keeping the second 
gauge group factor S0{2N'^ untouched. Suppose that Ai >> A2. This can be done by 
fleld theory side or type IIA string theory side via brane motion. Let us do this by latter 
[25l [261 H [in [13] • After we move a middle NS5-brane to the right all the way past the 
right A^S'S^-brane, the linking number [27] of NS5-brane from Figure 2 is given by L5 = 
^^Y^ — 1 — (1) — 2A''c. Note that 04"'"-plane with RR charge +1 realizes a symplectic gauge 

^The mass matrix m in (|2.ip is antisymmetric in the flavor indices and is given by — icr^ ® 
diag(mi,m2,- • ■ ,171^^) where cr^ is a second Pauh matrix exphcitly. The quadratic term in (j2.ip is given 
by QJQ exphcitly where the color indices are contracted. Here J is a symplectic metric and antisymmetric 
in the color indices and is given by J = ia^ (E> In^xn^ explicitly. 

^We introduce two complex coordinates v = x'^ + ix^ and w = + ix^ , as usual. 

^This brane configuration can be obtained fi'om the brane configuration corresponding to the product gauge 
group SU {Nc) X SU {N'^) theory [20l [21] with different matter contents. The superpotential, in general, has 
the form oi W =^ miXf + m2X| + XiFF + X2FF + QXiQ + Q'X2Q' ■ The masses are given by mi = tan 6*1 
and m2 = tan^?2 where 9i is an rotation angle [25^ of outer N Sbg^-hxane with respect to a middle NS5-brane. 
This superpotential can be reduced after 04-plane oricntifolding procedure [531 [53]. By integrating the adjoint 

fields Xi and X2, the superpotential is given hy W ^ (7^ + ;^) -^'^^ evident that for 9i — 62 — 

the superpotential vanishes as we observed above. 
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Figure 1: The Af = 1 supersymmetric electric brane configuration for tlie Sp{Nc) x S0{2N'^) 
gauge tlieory witli 2Nf quark fields Q in the fundamental representation and singlet field X in 
the bifundamental representation. The origin of {v, w) is located at the intersection between 
NS5-brane and D4-branes. The D6-branes have nonzero v coordinates where v = ±m for 
equal massive case. 

group while 04^-plane with RR charge —1 does an orthogonal gauge group. So we put 
n4^R = — 1 due to the 04~-plane and n4^L = 1 due to the 04"'"-plane above as well as the 
contributions from the D4-branes. Originally, it was L5 = —^^Illl _|_ 1 _ _|_ 2Nc — 2N'^ from 
Figure 1 before the brane motion. Also in this case, we put 77,4/? = 1 due to the 04+-plane and 
= —1 due to the 04~-plane. Therefore, by the linking number conservation and equating 
these two Ls's each other, we are left with the number of colors in the magnetic theory [7J 

N, = Nf + N'^-N,- 2. 

Let us draw this magnetic brane configuration in Figure 2 which was already found in [7] 
for the massless quarks and we put the coincident D6-branes in the nonzero v directions(and 
its mirrors). During this process from an electric theory to the magnetic theory, the Nf created 
D4-branes(and its mirrors) connecting between D6-branes and NS5'-brane can move freely in 
the w direction. Moreover since 2N'^ D4-branes are suspending between two equal NS5']^ ^- 
branes located at different coordinate, these D4-branes can slide along the w direction 
also. 

Then the weakly coupled dual magnetic gauge group at the scale E where A2 << is 
given by Sp{Nc) x S0{2N'J and the matter contents are 

''The Af = 1 Sp{Nc) gauge theory with matter contents Q and S and the superpotential Wduai = SQQ+mS 
can be interpreted as a dual magnetic description of Sp{Nc = Nf — Nc — 2) gauge theory with 2Nf massive 
quarks when the number of flavors satisfies Nf > Nc + 2. Then the Intrihgator-Thomas-Izawa-Yanagida 
model(which can be also denoted as lYIT model in some literatures) [251 HSl IH [S] can be obtained as an 
electric Sp{Nc = — 1) gauge theory with the condition Nf = Nc + 1 [3- For this particular number of 
flavor, there exists a quantum constraint Pf 5 = A^^-^ [30] and this leads to the supersymmetric vacua when 
m^f — A'^'^f [6l I31j which corresponds to a supersymmetric M5-brane configuration. 
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Figure 2: The A/" = 1 supersymmetric magnetic brane configuration for tlie Sp{Nc = Nf + 
N'^ — Nc — 2) X S0{2N'J gauge tlieory witfi 2Nf quark fields Q, a singlet field X, the gauge 
singlet $, 2Nf fields iV, and an antisymmetric two index tensor 5". 

• 2Nf quark fields Q in the (2Nc, 1) 

• the flavor- singlet field X in the bifundamental representation (2Nc, 2N^) 

• the gauge-singlet $ in the representation (1,N^(2N^ — 1)) 

• 2Nf fields in (1,2N;) 

• an antisymmetric two index tensor (in the flavor indices) 5* in the representation (1,1) 
Magnetic quarks Q correspond to 4-4 strings connecting the Nc color D4-branes with Nf 

flavor D4-branes(and its mirrors), X corresponds to to 4-4 strings connecting the Nc color 
D4-branes with A*"^ color D4-branes(and its mirrors), $ is a flavor-singlet corresponding to 4-4 
strings connecting two different color D4-branes among A^^ color D4-branes(and its mirrors), 

corresponds to 4-4 strings connecting the N'^ color D4-branes with Nf flavor D4-branes(and 
its mirrors) and S corresponds to 4-4 strings connecting two different flavor D4-branes among 
Nf flavor D4-branes(and its mirrors). 

In the dual theory, since there exist 2Nf fundamental fields Q and one bifundamental field 
X which will give rise to the contribution of 2N'^, the coefficient of the beta function is 
^Sp{N ) ~ 3(2A'c + 2) — 2Nf — 2A'^ and since there are 2A''c fundamental fields X for the flavor 
index of the first factor, an antisymmetric tensor $ which will contribute to (2 A"^ — 2) and 2Nf 
fields A^, the coefficient of the beta function is bsoi2N^) = ^2N'^ - 2) - 2Nc - {2N'^ - 2) - 2A^/. 
Therefore, both Sp{Nc) and S0{2N'^ gauge couplings are IR free by requiring the negativeness 
of the coefficients of beta function. One can rely on the perturbative calculations at low energy 
for this magnetic IR free region b^^^f^^-^ < and bso{2N^) < 0. 

The dual magnetic tree level superpotential, by adding the mass term for the Q in electric 

^ The index of representation R is given by K{Ni) = 2, _fir(synim.) = 2{Ni + 2) and A'(adj = antisymm.) = 
2(7Vi-2) for SO{Ni) group and K{2N2) = 2, i^(antisymm.) = 2(2A^2-2) and i^(adj. = symm.) = 2(2iV2 + 2) 
for Sp{N2) group. Recall that the coefficient of the beta function is 6 = [3-ft'(adj.) — X^matter ^i-^)]- 
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theory corresponding to add a linear term in S in dual magnetic theory [7], is given by 

Wduai = [SQQ + X^X + QNX^ + mS (2.2) 

where one can add intermediate scale in the meson terms relating the strong coupling scale 
Ai of the electric gauge group Sp{Nc) to the scale of Ai of its magnetic dual gauge grou 
Sp{Nc). Here the mesons are given, in terms of the fields defined in the electric theory, by 

S = QQ, $ = XX, N = QX. 

The fluctuations of the singlet S correspond to the motion in the (789) directions of the flavor 
D4-branes in Figure 2. Similarly, the fluctuations of the singlet $ correspond to the motion 
in the (789) directions of the D4-branes suspended two NS5'-branes in Figure 2. Here Q is 
fundamental for the gauge group index and antifundamental for the flavor index. Then, QQ 
has rank 2A''c while m has a rank 2Nf. Therefore, the F-term condition, the derivative the 
superpotential Wduai with respect to S, cannot be satisfied if the rank 2Nf exceeds 2A'c. This 
is so-called rank condition and the supersymmetry is broken. 

The classical moduli space of vacua can be obtained from F-term equations. From the 
F-terms Fq and Fs, one gets SQ + NX = = QQ + m. Similarly, one obtains $X + QN = 
= XX from the F-terms Fjj and Moreover, there is a relation QX = from the F-term 
F/v. Then, one obtains the following solutions 

where $ol(Ar^,_jv ) ® arbitrary 2(A^j — A^^) x 2(A^/ — N^) antisymmetric matrix and 

the zeros of < Q > are 2{Nf — Nc) x 2Nc zero matrices. Similarly, the zeros of 2A^j x 2Nf 
matrix S are assumed also. Then $o and i^/m parametrize a pseudo-moduli space. Let us 
expand around on a point on (12.31) as done in [2j. That is, 

Sep )^ ^-{-6Z $oV^_^^)®^a^ 

as well as the fluctuations for A^ and X. Then the superpotential becomes 

^duaf ~ ^0 {Sf + m) + 6Z^ 6(f iy/m + 6Z iy/m 6ip 

+ {SY 5xa iVm + ■■■) + (cubic) (2.4) 



^The meson field S is given by QJQ where the color indices are contracted. Here J is given by the footnote 
[4] Similarly, the meson field $ is given by XJX and the meson field N is QJX where the color indices are 
contracted. 
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where (cubic) stands for the terms that are cubic or higher in the fluctuations and ■ ■ • contains 
some parts from the second and third terms in (12.21) that are not relvant: There are two kinds 
of terms, the vacuum of < Q > muhiphed by 6N6X and the vacuum of < $ > multiphed 
by 6X6X. By redefining these as 6N6X and 6X6X respectively, they do not enter the 
contributions for the one loop result. Then to quadratic order, the model splits into two 
sectors where the first piece given by the first line of (12.41) is an O'Raifeartaigh type model 
and the second piece given by the second line of (12.41) is supersymmetric and will not contribute 
to the supertrace. The fields Sxa,s and 5Y couple to the supersymmetry breaking fields Sip 
via terms of cubic and higher order in the fluctuations. Then, the remaining relevant terms 
of superpotential are given by the first line of (12.41) . At one loop, the effective potential V}jj 
for $0 can be obtained from this superpotential which consists of the matrices M and N of 
[32] where the defining function ^(f^) can be computed. Using the equation (2.14) of [32] of 
m|^j and J^(f^), one gets that will contain (log 4 — 1) > 0. This implies that these vacua 
are stable. 

Note that in the original model of [4, 5J, when Nf = A^^^ + 1, the result of [33j implies 
that when the extremization of a tree-level superpotential with massless quarks conflicts with 
a quantum constraint, as observed in the footnote [TJ the low energy effective theory near 
the origin of moduli space is an O'Raifeartaigh model [33] and the sign of mass squared for 
the pseudoflat direction at the origin is calculable and there is a local minimum around the 
origin. In this case the U{l)ji symmetry is preserved. On the other hand, the effective theory 
becomes noncalcuable for large moduli space. For the discussion of 5*^(1) ~ SU{2) SQCD 
with two flavors, see [251 [251 [55]. 

Remember that in the original model of [ll[5], the global flavor group is given by SU {2Nc + 
2) and in [7] the S0{2N'^ subgroup of SU{2Nc + 2) for massless quarks was gauged where 
l<K<Nc while the "maximal" subgroup S0{2N^ + 2) of SU{2Nc + 2) was gauged in [6]. 
The above magnetic brane configuration can be also obtained directly from M = 1 Sp{Nc) 
SQCD with Nf fundamentals(let us focus on the massless case) by replacing 2N'^ D6-branes 
with an A^S'5^-brane(attaching the same number 2A''^ D4-branes along the direction) and 
then the remaining 2{Nf — N'J D6-branes can be shifted to the new 2Nf D6-branes which is 
consistent with the global symmetry group SU{2Nf) [7J. The appropriate consideration for 
the 04-plane should be included. 
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3 Nonsupersymmetric meta-stable brane configuration 



Now we recombine Nc D4-branes among Nf D4-branes connecting between D6-branes and 
A^S'5'j:j-brane with those connecting between A^S'5'j:j-brane and NS5-brane(and its mirrors) and 
push them in v direction from Figure 2 [161 [13 El [IS]- Of course their mirrors will move to 
—V direction in a Z2 symmetric manner due to the 04"'"-plane. After this procedure, there 
are no color D4-branes between A^S'5'j:j-brane and NS5-brane. For the flavor D4-branes, we 
are left with only {Nj — N^) D4-branes(and its mirrors). 

Then the minimal energy supersymmetry breaking brane configuration is shown in Figure 
3. If we ignore the left A^S'5'j^-brane, 2N^ D4-branes and 04+-plane connecting to the left 
A^S'5'j^-brane (detaching these from Figure 3), then this brane configuration corresponds to the 
minimal energy supersymmetry breaking brane configuration for the A/" = 1 SQCD with the 
magnetic gauge group Sp{Nc) with Nf massive flavors pTl [T5] . 



NfOe^,;---' NcD4 




Nc D4 

NS5 

Figure 3: The nonsupersymmetric minimal energy brane configuration for the Sp{Nc = 
Nf + N'^- Nc-2) X SO{2N2) gauge theory with 2Nf quark fields Q, a singlet field X, the 
gauge singlet $, 2Nf fields A^, and an antisymmetric two index tensor S. For the M-theory 
lift, the position of these AS'S^ ^-branes are given by f = m and those for the D4-branes is 
given by V = 2m(its mirrors are given by v = 0). 

The type IIA and M-theory brane construction for the Af = 2 gauge theory was described 
by [36] and after lifting the type IIA description we explained so far to M-theory, the corre- 
sponding magnetic M5-brane configuration with equal mass for the quarks where the gauge 
group is given by Sp{Nc) x SO(2Nc) with fundamental matters for the first gauge group fac- 
tor, in a background space of xt = Yl'^Liiv'^ — el) where this four dimensional space replaces 
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(45610) directions, is characterized by 



Nf 

m 

k=l 



- el) 



[3.1] 



where is the position of the D6-branes in the v direction and we ignored the lower power 
terms in v in t"^ and t denoted by ■ ■ ■ and the scales for the gauge groups in front of the 
first term and the last term, for simplicity lj. When we consider the gauging of the maximal 
subgroup of the flavor symmetry group [6] , the corresponding M5-brane configuration can be 
read off from this by putting the contribution from D6-branes(the coefficient of v"^ in the last 
term) to 1. Also the massless case in [7] can be obtained from this by taking the massless 
limit. Moreover, the case without D6-branes can be obtained from this curve by appropriate 
limit and will become (3.33) of [36j. If we take the limit where the last term in (13.11) vanishes, 
then the remaining piece becomes A/" = 1 Sp{Nc) SQCD with 2N'^ matter fields [36l [37] and 
similarly for the limit where the first term of (13. ip will vanish, we obtain the remaining A/" = 1 
50(2iV^) SQCD with matter fields [36l[38]. 

From this curve (13.11) of cubic equation for t above, the asymptotic regions can be classified 
by looking at the first two terms providing NS5-brane asymptotic region, next two terms pro- 
viding iViS5^-brane asymptotic region and the final two terms giving A^S'S^-brane asymptotic 
region as follows: 

1. V ^ oo limit implies 



w 



0, y 



NS asymptotic region. 



2. w ^ oo limit implies 



m, y 



^2Nf-2N',+2 ^ 



NS'i^ asymptotic region, 
NS'f^ asymptotic region. 



As observed in [15], the two NSb'^^ j^-hranes are moving in the v direction holding every- 
thing else fixed instead of moving D6-branes in the v direction. Then the mirrors of D4-branes 



^°0f course, the corresponding supersymmetric electric M5-brane configuration fi'om Figure 1 can be writ- 
ten similarly and the cubic equation can be written as follows: — (^v'^^<:+'^ + m^f + • • • )i^ + (w^^<: + 



= where is the position of the D6-branes in the v direction 
and we put the equal mass m for the quarks. The relevant part of [36j is explained in the subsection 4.4 
where we need to specify when their function Jg = Ilfc^i i+i(^^ ~ ^fc) where ik is related to the number of 
D6-branes between the (fc — l)-th and fc-th NS5-brane by — ik — ik-i is nontrivial. In the present electric 
case, the D6-branes are located between NS5-brane and A^S'S^-brane from Figure 1. It is easy to see that Ji 
is a function of and their Jq and J2 are constant. 
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are moved appropriately. In Figure 1, the origin of v coordinate is located at the intersection 
of NS5-brane and D4-branes while in the coordinate we describe above NS'j^ ^ asymptotic 
region, the origin is located at the position of mirror D4-branes. Then the location of the 
original D6-branes is given by f = 2m. In other words, there is a shift in v direction. The 
harmonic function sourced by the D6-branes can be written explicitly by summing of two 
contributions from two(original and its mirrors) Nf D6-branes, as in [15] 

V(s) = 1 + ^ ^ + ^ 

Note that when we compare with the result of [I2] , the last term above is an extra contribution. 
For the straight line solution where = f{s) = Ax, the differential equation for g{s), which 
is equal to the magnitude of w, can be solved and it leads to 



g[s) ~ exp 



4{N, + 1)R 



2{]Vc + l) 



R 



and the s-independent integration constant can be fixed by the boundary condition from the 
above classification 2. From this solution, it is easy to see that even if Ax goes to zero, the 
function g{s) does not vanish. There is no smooth nonholomorphic M-theory curve. So the 
extra piece in the potential does not remove an instability from a new M5-brane mode. 



4 Conclusions and outlook 

In this paper, by gauging the maximal subgroup of the global flavor group for the model [HE], 
we have described the intersecting brane configuration of type IIA string theory in Figure 3 
corresponding to the meta-stable nonsupersymmetric vacua of this gauge theory. 

Also it is straightforward to take the dual gauge theory Sp{Nc) x S0{2N'^ and construct 
a meta-stable brane configuration in IIA string theory. 

There exist many other examples of dynamical supersymmetry breaking in [39]- [16] and in 
[28l [29t [3l H7] . So it is natural to ask whether these examples(or their generalizations in many 
different directions) have the type IIA string theory brane configuration(if not, one should find 
out this brane configuration first) and it is an open problem to find out any new meta-stable 
brane configuration, along the lines of this paper if any. Some of the gauge theories can be 
described by type IIB string theory where there exist D5-branes, NS5-branes, NS5'-branes, 
D7-branes and 07-planes. We need to perform the Seiberg dual and add nonzero mass term 
for the quarks and sometimes the vanishing superpotential in the electric theory makes it 
easier frequently to deal with its nonvanishing dual magnetic superpotential. 
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